Introduction: Histone deacetylases (HDACs) modulate cell growth and differentiation by governing chromatin structure and repressing the activity of specific transcription factors. Recent study has shown that HDAC4 null mice display premature ossification of developing bones due to ectopic and early onset chondrocyte hypertrophy by interacting with and inhibiting the activity of run-related transcription factor-2 (Runx 2), a transcription factor necessary for chondrocyte hypertrophy during endochondral bone formation. Our recent findings indicate that the HDAC4 nuclear-cytoplasmic shuttling may control chondrocyte differentiation during growth plate development. However, the mechanisms of the HDAC4 nuclear-cytoplasmic shuttling is unknown. Ca 2+ /calmodulin-dependent kinase IV (CaMKIV) is a multifunctional serine/threonine protein kinase that phosphorylates HDAC4 and regulates its subcellular distribution. We hypothesize HDAC4 nuclearcytoplasmic shuttling controls chondrocyte differentiation and is dependent on the Ca 2+ /calmodulin signaling pathway. Methods: Primary cell culture and transfection Chondrocytes were isolated from 17-day-old embryonic chicken sterna and cultured in F12 containing 10% FBS. Cells were transfected with Flag-HDAC4 or GFP-HDAC4 with or without active CaMKIV or inactive CaMKIV. Transfection efficiency was confirmed by real time RT-PCR. Real time RT-PCR total RNA was extracted from cells 48 hours after transfection and equal amount of total RNA was reversed transcribed and followed by real time PCR with primers specific for SOX9, Indian hedgehog (Ihh) and collagen type X (ColX).
using CaMKIV inhibitor, we found that HDAC4 relocation is blocked in prehypertrophic chondrocytes. This result indicates that the CaMKIV signaling pathway plays an important role in regulating HDAC4 relocation. Indeed, overexpression of active CaMKIV in chondrocytes promote HDAC4 relocation into cytoplasm significantly. Active CaMKIV also stimulates Runx2 promoter activity and overcomes HDAC4 repression of Runx2 promotor activity. Furthermore, real time RT-PCR results provide evidence that active CaMKIV increases differentiation related gene expression of Ihh and ColX. Our results demonstrate that CaMKIV regulates the subcellular localization of HDAC4 in chondrocytes thereby modulating expression of genes involved in chondrocyte differentiation. In conclusion, CaMKIV can induce chondrocyte differentiation through regulation of HDAC4 subcellular translocation. CaMKIV is required for efficient nuclear export of HDAC4 and plays an important physiological role in chondrocyte differentiation. 
